IMPREGNATED CATHODE AND METHOD FOR MANUFACTURING THE 
SAME 



FIELD OF THE INVENTION 
5 The present invention relates to an impregnated cathode used for an 

electron tube and a method for manufacturing the same, 

BACKGROUND OF THE INVENTION 

An impregnated cathode has a basic structure in which pores of a 

10 sintered body of porous metal (pellet) are impregnated with an electron 
emitting material. A method for manufacturing an impregnated cathode 
comprises the steps of; press molding powder of a high melting point metal 
such as tungsten, etc.; then sintering the press molded product to form a 
reducing substrate having a proper porosity; and then impregnating the 

15 pores of the substrate with molten electron emitting material comprising 
BaO, CaO and A1 2 0 3 as the main components. Thus, a cathode pellet is 
obtained. This cathode pellet is impregnated with emitting material in an 
amount corresponding to the volume of the sintered body and the porosity, 
i.e. the volume of pores. 

20 The principle of operation of the cathode pellet will be explained 

below. When the cathode pellet is subjected to a high temperature 
activation, BaO is reduced by the pellet to generate free Ba. This free Ba 
thermally diffuses in pores and reaches the surface of the pellet. Then, the 
free Ba thermally diffuses on the surface of the pellet, to thus form a Ba 

25 monoatomic layer on the surface of the pellet. At this time, a monoatomic 
layer spreads to cover an area corresponding to the difference between an 
amount of Ba evaporated from the monolayer, which is dependent upon the 
temperature of the pellet, and an amount of Ba supplied from the inside of 
the pellet. This Ba monoatomic layer reduces the effective work function 

30 that is involved in an electron emission from 4 to 5 eV of the metal itself 



1 



constituting the pellet to about 2 eV. Consequently, excellent thermionic 
emission is provided. 

If little Ba is supplied from the inside of the pellet at the time of the 
operation, a necessary and sufficient area of Ba monoatomic layer cannot be 
5 formed, causing a deficiency of emission. Moreover, there arise some 
problems, for example, the activation takes a long time, etc. 

On the contrary, if too much Ba is supplied, Ba evaporated from the 
surface of the pellet is increased, so that the BaO impregnated in the pellet 
is consumed in a short time and in turn the lifetime is shortened. 

10 Furthermore, the evaporated Ba is deposited on a counter electrode, causing 
unnecessary electron emission, etc. 

The most important point of the operation of the impregnated 
cathode is to form a necessary and sufficient Ba monoatomic layer in an 
early stage and to keep it for a long time. The factors for forming a Ba 

15 monoatomic layer include: the amount of impregnated BaO; the reducing 
rate of the impregnated BaO being reduced by the pellet; the thermal 
diffusion velocity of free Ba in pores; and the surface thermal diffusion rate 
of Ba on an electron emitting face. 

The design parameters for controlling the operations are: the 

20 amount of impregnation of electron emitting material; the porosity of the 

pellet and the spatial distribution of pores; and the cleanness of the electron 
emitting face, more specifically, an absence of extra electron emitting 
material attached to the electron emitting face. The most important thing 
for mass production is to control these parameters with high precision and 

25 with less variation. 

Based on the above mentioned background of the principle, 
Publication of Japanese Patent Application (Tokko Sho) No. 44-10810 
discloses an impregnated cathode, in which the evaporation of extra 
electron emitting material can be inhibited, the leak of current in an 

30 insulating portion of an electron gun can be reduced, and an excellent state 
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of Ba monoatomic layer can be maintained for a long time and in turn its 
lifetime can be extended. 

The above mentioned structure is a two-layer structure comprising 
a first layer having a low porosity on the side of the electron emitting face of 
5 the pellet, wherein the evaporation of the electron emitting material is 

inhibited; and a second layer having a high porosity formed below the first 
layer. According to such a two-layer structure, even after the Ba supply 
capacity of the first layer is exhausted (i.e. after the lifetime), Ba can be 
supplied from the second layer to the first layer. Consequently, the 

10 lifetime of the pellet is further extended as compared with the lifetime the 
first layer has naturally. 

Furthermore, Publication of Japanese Patent Application (Tokkai 
Hei) No. 6-103885 suggests that the surface roughness of the substrate be 
not more than 5 \i m, more preferably that the substrate be perfectly 

15 smooth, so as to easily remove the attached extra electron emitting material 
after impregnation. 

Furthermore, Publication of Japanese Patent Application (Tokkai 
Sho) No. 58-87735 discloses a manufacturing method in which compressed 
electron emitting materials placed on the upper surfaces of the individual 

20 pellets are melted and impregnated in order to ensure the amount of 
impregnation of the electron emitting material . 

Furthermore, Publication of Japanese Patent Application (Tokkai 
Hei) No. 6-103885 discloses a method of mass production in which the 
amount of the impregnated electron emitting materials is kept stable by 

25 classifying metal raw material powder of the pellet and controlling the 
porosity of the pellet. 

Furthermore, a mechanical method using a brush, a metal-clad 
needle, etc., a polishing method by means of cutting, etc., and ultrasonic 
cleaning in water, etc. have been conventionally suggested. 

30 Furthermore, Publication of Japanese Patent Application (Tokkai 
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Sho) No, 50-103967 discloses a method in which a pellet is provided on the 
specific jigs one by one and then washed by ultrasonic cleaning in clean 

water. 

However, the above mentioned conventional impregnated cathodes 
5 have the following problems. 

(1) In order to manufacture the impregnated cathode having a 
two-layer structure, it is necessary to use two different kinds of raw 
material powders or to carry out press molding twice. Consequently, the 
production process is complicated. 
10 (2) In the method in which a pellet is treated one by one or the raw 

material powder is classified, the productivity is poor and mass production 
is difficult. 

(3) The method of mechanically removing extra electron emitting 
materials by using a brush, metallic needle, etc., is difficult to carry out. 

15 Furthermore, a treatment is necessary for each pellet, so that mass 
production is difficult. 

(4) The manufacturing process in which the sintered pellets are 
provided on the specific jig one by one is complicated. It takes not less 
than 1 hour to perfectly remove extra electron emitting materials by way of 

20 only the ultrasonic cleaning method. Consequently mass production is 
difficult. 

SUMMARY OF THE INVENTION 

It is the object of the present invention to solve the above mentioned 

25 conventional problems and to provide an impregnated cathode and a 

method of manufacturing the same, which is excellent in initial electron 
emitting performance, lifetime property, and insulating property and which 
is suitable for mass production by continuously increasing the porosity of 
the sintered body of porous metal as the distance in the depth direction 

30 from the electron emitting face is increased. 
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In order to achieve the above mentioned objects, the first 
impregnated cathode of the present invention has a cathode pellet in which 
the pore portion of a sintered body of porous metal is impregnated with 
electron emitting material, wherein the porosity of the sintered body of 
5 porous metal is continuously increased as the distance in.the depth 
direction from an electron emitting face is increased. 

By the above mentioned impregnated cathode, since no discontinuity 
of the porosity in the pellet is formed, a reaction generating free Ba 
proceeds continuously and smoothly all over the pellet. Moreover, since 

10 raw material powder having more than one kind of particle sizes need not 
be used, the manufacturing process can be simplified. 

It is preferable in the above mentioned first impregnated cathode 
that the porosity of an electron emitting face of the sintered body of porous 
metal is in the range of 12.5 to 25 volume %; the porosity difference between 

15 the porosity of a vicinity of the electron emitting face and the porosity of a 
vicinity of the opposite face to the electron emitting face is in the range of 5 
to 25 volume %; and the porosity of the opposite side to the electron emitting 
face is less than 40 volume %. With such an impregnated cathode, an 
excellent lifetime property can be obtained. 

20 It is further preferable in the first impregnated cathode that the 

surface roughness of the electron emitting face of the cathode pellet is in the 
range of 5 to 20 ji m for the maximum height. With the above mentioned 
impregnated cathode, the emission property can be enhanced. 

Next, according to a first method for manufacturing an impregnated 

25 cathode of the present invention, a method for manufacturing an 

impregnated cathode having a cathode pellet in which the pore portion of a 
sintered body of porous metal is impregnated with electron emitting 
material, comprises the steps of press molding metal raw material powder 
to form a porous substrate, the press molding being conducted after filling 

30 the metal raw material powder in a struck-level cartridge and then filling 
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the raw material metal powder in a die by level striking measurement; 
wherein a contacting face of the cartridge and the die surface has an 
annular shape and the cartridge has an inclined face in which the end 
portion of the outside of the cartridge contacts with the die surface. 

According to the above mentioned manufacturing method, the level 
striking measurement can be conducted exactly, so that the particle size 
distribution of the raw material powder inside the cartridge can be reflected 
in the particle size distribution of the raw material to be filled in the press 
die. Consequently, the variation of the porosity of the pellet or 
manufacturing variation in the amount of impregnation of electron emitting 
materials can be reduced. 

It is preferable in the first method for manufacturing an 
impregnated cathode that the inner diameter of the annular shape is in the 
range of 10 to 20 times as large as the diameter of a pellet; the external 
diameter of the annular shape is in the range of 1.05 to 1.3 times as large as 
the inner diameter; and the angle that the inclined face makes with the die 
face is in the range of 40 to 80° . 

It is further preferable that an amount of metal raw material powder 
that is filled in the cartridge is equal to an amount of 200 to 800 cathode 
pellets. 

It is further preferable that the metal raw material powder is heated 
at temperatures in the range of 50 to 100 °C at the time of level striking 
measurement and pressing. 

It is further preferable that a face at which a punch contacts with 
metal raw material powder is referred to an electron emitting face; the 
relative descending speed of the punch to the die is in the range of 0.5 to 5 
cm/s, and the pressing time is in the range of 1 to 7 seconds when the punch 
contacts with metal raw material powder. 

Next, according to the second method for manufacturing an 
impregnated cathode of the present invention, a method for manufacturing 



an impregnated cathode having a cathode pellet in which the pore portion of 
a sintered body of porous metal is impregnated with electron emitting 
material comprises the steps of: press molding metal raw material powder 
to form a porous substrate; and sintering the porous substrate to form a 
5 sintered body of porous metal; wherein the average porosity of the porous 
substrate after press molding is controlled by adjusting the pressure of 
press molding, and the average porosity of the sintered body of porous metal 
after sintering is controlled by adjusting the sintering temperature. 

By the above mentioned method for manufacturing the impregnated 

10 cathode, it is not necessary to use raw material powder having a different 
particle sizes and to mold in multilayers. Consequently, the average 
porosity of the entire pellet can be controlled by the general process. 

It is preferable in the second method for manufacturing an 
impregnated cathode that porosity distribution is controlled by adjusting 

15 the descending speed of the punch and the pressing time. By the above 
mentioned method for manufacturing an impregnated cathode, it is not 
necessary to use raw material powder having different particle sizes and to 
mold in multilayers. Consequently, the average porosity of the entire 
pellet can be controlled by general process. 

20 Furthermore, it is preferable that an average porosity (D volume %) 

of the porous substrate after press molding and an average porosity (d 
volume %) of the sintered body of porous metal after sintering has a 
relationship expressed by the following equation: 
d + 10 ^ D S d + 20. 

25 By the above mentioned method for manufacturing an impregnated 

cathode, the pellets that ensures a certain amount of impregnation can be 
manufactured by maintaining the mechanical strength and inhibiting the 
generation of closed pores. 

Next, according to the third method for manufacturing an 

30 impregnated cathode of the present invention, a method for manufacturing 
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an impregnated cathode having a cathode pellet in which a pore portion of a 
sintered body of porous metal is impregnated with electron emitting 
material comprises the steps of placing the sintered body of porous metal 
and the electron emitting material in a container for impregnation in such a 
5 manner that the electron emitting material contacts with, an entire surface 
of the sintered body of porous metal when the electron emitting materials 
are melted, and impregnating the pore portion of the sintered body of 
porous metal with the electron emitting material. 

With the above mentioned impregnated cathode, deficiency of 
10 impregnation can be prevented. Consequently, stable impregnation can be 
obtained. 

It is preferable in the third method for manufacturing an 
impregnated cathode that electron emitting materials are filled in the 
container for impregnation in such a manner that the depth of the electron 

15 emitting materials is uniform, and the sintered body of porous metal is 
located at the middle portion in the direction of the depth of the electron 
emitting material or located at the top of the electron emitting material. 
It is further preferable in the third method that the weight of the 
electron emitting material to be filled in the container for impregnation is 

20 in the range of 10 to 100 times as much as the impregnatable weight of the 
sintered body of porous metal in the container for impregnation. Herein, 
impregnatable weight means the total effective weight of emitting material 
that is carried by the porous sintered bodies, or something similar. By the 
above mentioned method for manufacturing an impregnated cathode, the 

25 variation of the amount of impregnation can be reduced. 

It is further preferable in the third method that extra electron 
emitting materials are removed by shaking a container in which an 
impregnated cathode pellet and alumina ball are placed and washing by 
ultrasonic cleaning in water. By the above mentioned method for 

30 manufacturing an impregnated cathode, extra electron emitting materials 
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can be removed while inhibiting the fracture rate of the pellet and the 
variation of the amount of impregnation can be reduced. 

BRIEF DESCRIPTION OF DRAWINGS 
5 Fig. 1 is a conceptual view of a cross section of an -impregnated 

cathode of one embodiment of the present invention. 

Fig. 2 is a flow chart showing a manufacturing process of an 
impregnated cathode for one embodiment of the present invention. 

Fig. 3 is a sectional view of a press die and a cartridge for level 
10 striking measurement (a cartridge for striking the top surface of the press 
die and the height of the raw material powder level) used for a method for 
manufacturing an impregnated cathode of the present invention. 

Fig. 4 is a graph showing the relationship between the porosity of an 
electron emitting face and the saturation current and the relationship 
15 between the porosity of an electron emitting face and the evaporated 
amount of an impregnated cathode of one embodiment of the present 
invention. 

Fig. 5 is a graph showing the relationship between the porosity 
difference and the lifetime of an . impregnated cathode of one embodiment of 
20 the present invention. 

Fig. 6 is a graph showing the relationship between the average 
porosity and the porosity difference of an impregnated cathode of one 
embodiment of the present invention. 

Fig. 7 is a graph showing the relationship between the surface 
25 roughness of an electron emitting face and the relative value of the 

saturation current of an impregnated cathode of one embodiment of the 
present invention. 

Fig. 8 is a graph showing the relationship between the filling 
amount of metal raw material powder and the variation of the weight of 
30 the pellet of an impregnated cathode of one embodiment of the present 
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invention. 

Fig. 9 is a graph showing the relationship between the heating 
temperature of the raw material powder and the variation of the weight of 
the pellet of an impregnated cathode of one embodiment of the present 
5 invention. 

Fig. 10 is a graph showing the relationship between the average 
porosity of the porous substrate after press molding and the amount of 
impregnation of electron emitting material and the relationship between 
the average porosity of the porous substrate after press molding and the 

10 fracture rate of the pellet of an impregnated cathode of one embodiment of 
the present invention. 

Fig. 11 is a graph showing the relationship between the average 
porosity after press molding and the average porosity after sintering of an 
impregnated cathode of one embodiment of the present invention. 

15 Fig. 12 is a graph showing the relationship between the amount of 

electron emitting material filled in a container for impregnation and the 
variation of the amount of impregnation to the pellet. 

Fig. 13 (A) is a graph showing the relationship between the location 
of the pellets at the time of impregnation and the amount of impregnation to 

20 the pellet of an impregnated cathode of one embodiment of the present 
invention. 

Fig. 13 (B) shows each location of the pellets in the container for 
impregnation. 

Fig. 14 is a graph showing the relationship between the shaking 
25 time and the amount of impregnation to the pellet of an impregnated 
cathode of one embodiment of the present invention and a comparative 
Example. 

DETAILED DESCRIPTION OF THE INVENTION 
30 Hereinafter, one embodiment of the present invention will be 
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explained with reference to the drawings. 
Embodiment, 1 

Fig. 1 is a conceptual view of a cross section of an impregnated 
cathode pellet of Embodiment 1 of the present invention. The pellet of this 
5 embodiment is a compressed sintered body of metal raw material powder 1. 
The pellet has pores in it, and the pores are filled with electron emitting 
materials 2. Arrow 4 illustrates the direction of the electron emission. 
Porosity is continuously increased along the direction from an electron 
emitting face 3 to the side opposite to the electron emitting face (the 
10 direction expressed by arrow 5). Moreover, the surface roughness A 

(maximum height) of the electron emitting face 3 is maintained in the range 
of 5 to 20 ji m. 

Fig. 2 is a flow chart showing a method for manufacturing an 
impregnated cathode of Embodiment 1. In the process, metal raw 

15 material powder is press molded after level striking measurement. The 
"level striking measurement" means a measurement of the predetermined 
amount of raw material that is accurately filled in a container by first 
heaping up the raw material in the container and then striking the raw 
material level along the edge of the container. The press molded product is 

20 sintered in hydrogen or under vacuum at a temperature of 1500 to 2200°C. 
When the sintered body is heated along with electron emitting materials at 
the temperature of 1500 to 1800°C, electron emitting materials are melted 
and impregnated in the pores inside the pellet. Then extra electron 
emitting materials attached to the pellet are removed. Thus, a pellet is 

25 completed by way of a surface coating process. 

Hereinafter, one example of the method for manufacturing the 
impregnated cathode of Embodiment 1 will be explained in detail. First, 
a level striking measurement of raw material powder was carried out. Fig. 
3 shows a cartridge for striking the upper surface of metal raw material 

30 powder and the die level (hereinafter "cartridge" will be used for an 
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abbreviation) and a press die used in the method for manufacturing an 
impregnated cathode of this embodiment. As a raw material for a porous 
substrate, tungsten powder having a particle size of 1 to 10 n m was used. 
3.5g of raw material powder 7 was filled in a cartridge 6 on the surface 9a of 
5 the press die. This amount is equal to an amount of about 500 pellets. 

The face 10 of the struck level of the cartridge 6 had an annular 
shape having an inner diameter of 20mm and an outer diameter of 22mm, 
and had an angle B, which the external side face 11 of the cartridge 5 makes 
with the surface 9a of the press die, of 60 ° . Level measurement was 

10 carried out 2 to 6 times while heating the raw material powder 7 at about 
80~C by means of a heater, and 7mg of raw material powder 7 was filled in a 
through hole portion 9 of the press die. Next, press molding was carried 
out with a common punch 8. The descending speed of the punch 8 was 
controlled to 1 cm/s, and the pressing time was 4 seconds. 

15 In order to make the average porosity of the sintered pellet 20 % at 

the temperature in the range of 1850 to 2000°C, press load was controlled in 
the range of 2 X l0 8 to 10 X 10 8 N/m 2 so that the average porosity after 
press molding was about 35%. 

In the following sintering step, sintering was conducted in reducing 

20 atmosphere for about 2 hours. The porosity of the pellet manufactured by 
way of the above mentioned steps was 17 volume % (vol.%) in the electron 
emitting face that contacts with the punch, 23 vol.% in the opposite side to 
the electron emitting face and the average of these porosities was 20 vol. %. 
Moreover, as to the surface roughness of the electron emitting face 3, the 

25 maximum height was in the range of 5 to 10 u m. 

Furthermore, the average porosity can be controlled by adjusting the 
press load and sintering temperature. The spatial distribution of the 
porosity can be controlled by adjusting the descending speed of the punch 
and pressing time. 

30 Herein, the porosity and the method for evaluating the porosity are 
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explained. The porosity can be calculated by the following equation, by 
measuring volume V (cm 3 ) and weight W (g); and using a bulk density of 
metal raw material p (g/cm 3 ). 

Porosity of the pellet (vol.%) = [(V- W / p ) / V] X 100 
5 Moreover, the porosity distribution in the pellet can be evaluated by 

the following equations by using dl, d2 and d3. The dl, d2 and d3 denote 
the average porosity of each of the sectional portions obtained by dividing 
the pellet into three parts. Therein, these parts are obtained by cutting 
the pellet with a cut face parallel to the electron emitting face in the 
10 direction perpendicular to the electron emitting face. 

Porosity of the electron emitting face = dl— (d2-dl) / 2 
Porosity of the opposite side = d3 + (d3 — d2) / 2 
Herein, dl denotes an average porosity of the sectional portion at 
the side of the electron emitting face among the three divided portions of 
15 the pellet; d2 denotes an average porosity of the sectional portions in the 
middle portion among the three divided portions of the pellet; and d3 
denotes an average porosity of the sectional portion at the side opposite to 
the electron emitting face among the three divided portions of the pellet. 
Herein, the dividing number is not limited to 3. It may be 2 and 
20 also 4 or more. The porosity distribution can be evaluated mathematically 
by calculating by the above mentioned equations. 

Next, the impregnation of electron emitting material was carried out. 
A mixture comprising BaC0 3l CaC0 3 , and A1 2 0 3 in the mole ratio of 4: 1: 1 
was used as electron emitting material. The electron emitting materials 
25 are filled in a cylindrical container for impregnation having a diameter of 
about 1.5 cm and a depth of about 1 cm. The filled weight of the electron 
emitting material was about 30 times as much as the weight of that to be 
impregnated in the porous substrate. 100 sintered porous substrates were 
provided with the electron emitting materials. 
30 The container for impregnation was placed in a furnace at the 
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temperature of 1500 to 1800 in reducing atmosphere. Consequently, 
the porous substrate was impregnated with the molten electron emitting 
materials. Moreover, since BaCO s and CaC0 3 are previously decomposed 
into oxides BaO and CaO respectively, the pellet is impregnated with these 
5 oxides. 

Next, extra electron emitting materials attached to the surface of 
the porous substrate were removed. This removal was carried out as 
follows: the impregnated pellet was placed in a small container along with 
six alumina balls having a diameter of <f> 5 mm and shaken for about 5 
10 minutes. Then, the impregnated pellet was cleaned by ultrasonic cleaning 
in water for about 5 minutes and finally dried, and thus the pellet was 
completed. 

In addition, Os thin film was formed on the electron emitting face of 
the manufactured porous substrate, i.e. the side contacting with press 

15 punch by the sputtering method. The cathode was completed by way of the 
above mentioned steps. This cathode is incorporated into, for example, the 
electron gun of a 17" cathode ray tube. This cathode can have a current 
density of 2 to 4 A/cm 2 as the continuous electron emitting on performance 
at the normal operation temperature of 1000°C. And the cathode has 

20 several tens of hundreds hours for an emission lifetime. 

In the above mentioned pellet of the present invention, a face of 
discontinuity of the porosity was not formed in the pellet. Consequently, a 
chemical reaction generating free Ba proceeds continuously and smoothly 
on the entire pellet. Furthermore, since it is not necessary to use raw 

25 material powder having more than one particle size distribution, it can 

provide a manufacturing method that is simplified and that is suitable for 
mass production. 
Embodiment 2 

In Embodiment 2, the porosity and the porosity distribution of the 
30 pellet manufactured by the method of Embodiment 1 were conducted for 
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certain ranges. Various kinds of pellets were manufactured in the 
manufacturing process explained in Embodiment 1, wherein the porosity of 
the electron emitting face and the porosity difference between the porosity 
of the electron emitting face and the porosity of the opposite face ( "porosity 
5 difference" will be used hereinafter) were varied. These .pellet were 

completed as cathodes and incorporated into the commercially available 17" 
cathode ray tube for monitoring. A forced accelerated life test was 
conducted at the cathode operation temperature of 1250 °C while 400 fx A 
of direct current per cathode was taken out as an emission. 

10 The measurement results of an initial saturation emission current of 

the above mentioned various kinds of pellets ("saturation current" will be 
used hereinafter), an initial amount of evaporation of the electron emitting 
materials per unit time ("evaporation amount" will be used hereinafter), 
and an emission lifetime ("lifetime" will be used hereinafter) are shown in 

15 Table 1. In Table 1, the values of the saturation current, evaporation 

amount and lifetime are relative values, with the respective measurement 
values being 1 when the porosity of the electron emitting face was 20 vol.% 
and the porosity difference was 0. 

Furthermore, Fig. 4 is a graph showing the relationship between the 

20 porosity of an electron emitting face and the saturation current and the 
relationship between the porosity of an electron emitting face and the 
evaporation amount. Similarly, Fig. 5 is a graph showing the relationship 
between the porosity difference and the lifetime. 
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Table 1, and Figs. 4 and 5 show the following things. 

(i) If the porosity of the electron emitting face is kept constant, the 
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saturation current and amount of evaporation are constant regardless of the 
average porosity. 

(ii) If the porosity of the electron emitting face is varied, as shown in 
Fig. 4, the saturation current is slowly increased in accordance with the 

5 increase of the porosity of the electron emitting face and saturated when the 
porosity of the electron emitting face is around 30 vol.%. 

(iii) On the other hand, the evaporation amount is increased 
approximately in proportion with the porosity of the electron emitting face, 
so that when the porosity of the electron emitting face is increased more 

10 than the predetermined value, unnecessary electron emission may be 

increased at the electrode of the electron gun. Therefore, in practice, it is 
necessary to compromise the saturation current and amount of evaporation. 
More specifically, it is preferable that the porosity of the electron emitting 
face is in the range of 12.5 to 25 vol. %. 
15 (iv) As shown in Fig. 5 and Table 1, when the porosity difference is 

in the range of 5 to 25 vol. %, the lifetime is extended in the range of 10 to 
40 % as compared with the lifetime where there is no porosity difference. 

Moreover, not shown in Table 1, when the porosity of the side 
opposite to the electron emitting face is not less than 40 vol. %, the 
20 mechanical strength of the pellet is weakened. Therefore, it is preferable 
in practice that the porosity of the opposite side to the electron emitting face 
be less than 40 vol. %. 

According to above mentioned results, the effective choice of the 
porosity and porosity distribution: in the range of 12.5 to 25 vol. % for the 
25 porosity of the electron emitting face; in the range of 5 to 25 vol. % for the 
porosity difference; and less than 40 % for the porosity of the side opposite 
to the electron emitting face. 

The above mentioned effective choice can be expressed as follows: 
(Equation 1) 15 ^ p ^ 30 
30 (Equation 2) 5 ^ A p ^ 25 
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(Equation 3) A p < 2 X (40 - p ) 

(Equation 4) Ap^ 2 X (p - 12.5) 

wherein the average porosity is p vol.% and the porosity difference is A 
P vol.%. 

5 The lower limit value of Equation 1, 15 vol.% was determined from 

the fact that the lower limit value in the preferable range of the porosity of 
the electron emitting face was 12.5 voL % and the lower limit value of the 
preferable range of the porosity difference was 5. vol. %. The upper limit of 
the Equation 1, 30 vol.% was determined as the maximum value at Table 1, 

10 which satisfied the below mentioned conditions where the upper limit value 
in the preferable range of the porosity of the electron emitting face was 25 
vol. % and the porosity of the opposite side to the electron emitting face was 
less than 40 vol. %. 

Equation 3 was determined from the condition where the porosity of 

15 the opposite side to the electron emitting face was less than 40 vol.%. 

Equation 4 was determined from the condition where the porosity of the 
electron emitting face was not less than 12.5 vol.%. 

Fig. 6 shows the relationship of Equations 1 to 4. The hatched 
portion of Fig. 6 shows the range satisfying Equations 1 to 4. In other 

20 words, if the average porosity p and the porosity different A p of the 

pellet are selected from the hatched portion of Fig. 6, an excellent lifetime 
property can be obtained. Furthermore, when the necessary emission and 
amount of evaporation are selected from this range, the best pellet design is 
possible. 

25 Embodiment 3 

In Embodiment 3, the emission property was enhanced by forming a 
certain range of surface roughness on the electron emitting face of the pellet. 
Fig. 7 shows the relationship between the surface roughness and the 
relative value of the saturation current. The saturation current was 
30 measured by making a trial manufacture of the pellet as a usual cathode. 
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The relative values shown by the vertical axis of Fig. 7 are expressed based 
on the value of 1 at the pellet having a surface roughness of the electron 
emitting face of 0 \x m. 

The horizontal axis of Fig. 7 shows the surface roughness of the 
5 electron emitting face of the pellet. The measurement was conducted for 
four kinds of pellets classified based on the range of the surface roughness. 
More specifically, the range of the surface roughness at the points a to d are: 
0 to 5 n m for point a; 5 to 10 n m for the point b; 10 to 20 urn for the 
point c; and 20 to 30 ft m for the point d. The surface roughness 

10 represents the maximum height. 

Fig. 7 shows that as the surface roughness is increased, the relative 
value of the saturation current is increased and the pellet becomes more 
excellent. The relative values of the saturation current at any of the points 
b, c, and d are not less than 1. However, at the point d, sparks were found 

15 to be generated between the facing anode in some cases (the point e of Fig. 
7). Therefore, the points b and c of Fig. 7 are preferred. In other words, 
from the viewpoint of inhibiting sparks and maximizing the emission, it is 
preferred that the surface roughness is in the range of 5 to 20 /z m. 

Moreover, in the above mentioned measurement, the pellet having a 

20 porosity of the electron emitting face of 17 vol. %, and porosity difference of 
6 vol.% was used. However, if the pellet having the other values is used, 
the relationship between the surface roughness and saturation current is 
similar. It is preferable that the surface roughness is in the range of 5 to 
20 jum. 

25 Furthermore, since the pellet that is manufactured by the basic 

process explained in Embodiment 1 has the surface roughness of 5 to 10 
A m, its surface was mechanically abraded to form the pellet having a 
surface roughness of 0 to 5 fi m. Moreover, the pellet having a surface 
roughness of 10 to 30 m m was manufactured by sintering by attaching 

30 tungsten powder of about 10 to 20 ju m to the surface of the substrate after 
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press molding. 
Embodiment 4 

The most important thing for mass production of cathode pellets is 
to reduce the variation of the porosity per pellet and to stabilize the amount 
5 of electron emitting materials. In the basic process explained in 
Embodiment 1, the embodiments for reducing the variation in 
manufacturing will be explained with reference to the following 
Embodiments 4 to 11. 

Embodiment 4 refers to the shape of the cartridge used for the press 
10 molding process. The optimum shape of the cartridge of Embodiment 4 
will be explained. It is important for a cartridge 6 to precisely reflect the 
particle distribution of the raw material powder 7 on the particle size 
distribution of raw material powder to be filled in the press die. 

Therefore, the shape and size of the contacting surface 10 between 
15 the cartridge 6 and the surface 9a of the press die are important. More 

specifically, it is preferable that the shape of the contacting surface 10 is an 
annular shape. If the shape is an annular shape, in the reciprocating 
motion of striking level, stirring of raw material powder can be conducted in 
the cartridge 6. 

20 If the shape of the contacting face is square, even if the reciprocating 

motion is conducted, the two dimensional stirring of powder in the 
horizontal direction of the press die cannot be expected. If the cartridge 6 
is set in such a manner that diagonal lines of square shape, etc. is made to 
pass the through hole 9, two dimensional stirring can be expected. In this 

25 case, however, since the corner portions of the cartridge 6 contact with the 
end portion of the through hole 9, the cartridge 6 and press die are 
damaged. 

It is preferable that in a case where the contacting face 10 is annular 
in shape, the inner diameter of the circle is 10 to 20 times as large as the 
30 inner diameter of the through hole 9 (the diameter of the pellet). If the 
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inner diameter of the circle is less than 10 times as large as the inner 
diameter of the through hole 9, stirring effect of powder is lowered. As a 
result, a pellet whose particle distribution becomes rougher as pressing is 
conducted is manufactured. Moreover, if the inner diameter of the circle is 
5 more than 20 times as large as the inner diameter of the through hole, the 
stirring effect is further enhanced, but a stroke of the reciprocating motion 
is longer. Consequently, the mass production capability is deteriorated. 

It is preferable that the outer diameter of the circle is in the range of 
1.05 to 1.3 times as large as the inner diameter. If the outer diameter is 

10 less than 1.05 times as large as the inner diameter, one-sided reduction 
occurs due to its contacting with press die, so that the cartridge cannot be 
used for a long time. Moreover, if the outer diameter is more than 1.3 
times as large as the inner diameter, the adhesiveness between the annular 
portion and the surface 9a of the press die is poor, so that the level striking 

15 measurement cannot exactly be conducted. In addition, fine powder can 
enter the gap of the contacting face 10, so that level striking measurement 
cannot be conducted. 

An external face 11 of the cartridge that contacts with the outer 
diameter of the circle is preferably an inclined face. An angle B that the 

20 external face 11 makes with the contacting face is preferably in the range of 
40 to 80~ . If the angle is less than 40° , raw material powders are 
involved at the time of the level striking operation, so that measurement 
sometimes becomes inaccurate. On the other hand, if the angle is more 
than 80° , raw material powders are held at the time of contacting the end 

25 portion of the though hole 9 and the cartridge 6, so that a smooth level 
striking operation cannot be conducted. 
Embodiment 5 

Embodiment 5 refers to a manufacturing method in which an 
amount of metal raw material powder filled in the cartridge of metal is 
30 made to be in the certain range of amount. Fig. 8 shows the relationship 
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between a filling amount of metal raw material powder and the variation of 
the pellet weight. In order to obtain the measurement results of Fig. 8, the 
pellet was manufactured by varying the filling amount of the tungsten 
powder from the an amount corresponding to the weight of 100 pellets 
5 (about 0.7 g) to the weight of 2000 pellets ( about 14g). Powder 

corresponding to the decreased amount of powder is supplemented each 
time 100 pellets were manufactured. 10000 pellets were manufactured 
under one certain standard. 

The vertical axis of Fig. 8 represents the weight of metal raw 

10 material powder, which corresponds to the weight of metal raw material 
filled in the cartridge. In other words, the weight of metal raw material 
powder is expressed by the number of the pellets. The variation of weight 
was measured for the manufactured pellet after press molding. 

According to Fig. 8, it is found that when the filling amount 

15 corresponds to the weight of 200 to 800 pellets, the pellet weight is stable. 
However, when the filling amount exceeds this range, the variation 
gradually is increased. This is because if the filled weight is appropriate, 
the powder inside the cartridge is appropriately stirred due to the level 
striking operation and powders are filled in the through hole of the press die 

20 while the particle distribution of the powder body is maintained. 
Embodiment fi 

Embodiment 6 refers to a manufacturing method in which the 
heating temperature of the raw material powder at the time of press 
molding is made to be in the certain range. In order to enhance the 

25 stirring effect of the raw material powder inside the cartridge and to reduce 
the variation of the porosity of the pellet and the weight, it is necessary to 
ensure an excellent particulate flow. Fine powders adsorb the humidity in 
air, so that the particulate flow becomes poor. Therefore, the fine powders 
are preferably heated at temperatures in the range of 50 to 100 °C before 

30 they are filled in the press die. 
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If the heating temperature exceeds 100°C, platinum group / noble 
metal, for example tungsten, is affected by an oxidation by air, which is not 
preferred for manufacturing pellets. On the other hand, if the heating 
temperature is less than 50 C C, the dehumidification effect by heating is low. 
5 Fig. 9 shows the relationship between the temperature at which raw 

material powder is heated and the variation of the pellet weight. The 
filling amount of raw material powder filled in a struck-level cartridge is 
made to be the weight corresponding to the weight of 500 pellets. The 
heating was conducted by a lamp. Fig. 9 shows that when the heating 
10 temperature is in the range of 50 to 100 C C, the weight of the pellet is 
stable. 

Embodiment 7 

Embodiment 7 refers to a manufacturing method in which the 
descending speed of punch and the pressing time at the time of press 

15 molding are made to be in the certain range. In the press molding, the 

descending speed of punch and the pressing time are important elements so 
as to control the porosity distribution. 

In the motion of the raw material powder inside the press die during 
the press molding, the greatest motion of the powder is in the portion that 

20 contacts with the punch. Powder at the opposite side hardly moves. 

Consequently, at the powder in the vicinity of the contacting face, the. punch 
rubs with the press die or rubs between powders, the pressure applied to the 
punch is consumed, and the pressure cannot easily be transmitted to the 
vicinity to the opposite side of the contacting face. Therefore, the porosity 

25 in the vicinity of the contacting face between the punch and powder is low 
and the porosity of the opposite side is high. 

As mentioned above, when the descending speed of the punch is 
increased, the incline of the porosity distribution inside the pellet is 
observed in the direction to which the press pressure is applied. In other 

30 words, the porosity difference between the electron emitting face and the 
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opposite face is increased. On the contrary, if the descending speed is 
reduced, the press can be conducted smoothly while the friction of the raw 
material powder in the die is inhibited, so that more uniform porosity 
distribution can be obtained. 

Furthermore, as the pressing time is longer, the pressure is liable to 
be applied uniformly to the entire raw material powder. On the contrary, 
when the press molding is conducted for a short time, the pressure is 
applied non-uniformly, and the porosity difference is increased between the 
electron emitting face and the opposite face. 

The measurement results of the porosity difference (vol.%) are 
shown in Table 2. Herein, the descending speed of the punch and the 
pressing times are respectively changed and are combined. 



Table 2 



Pressing 


Descending speed (cm/s) 


time (s) 


0.2 


0.5 


1 


3 


5 


7 


0.2 


10 


20 


25 


35 


40 


40 


0.5 


4 


10 


20 


35 


40 


40 


1 


3 


8 


13 


29 


33 


40 


3 


3 


5 


10 


25 


30 


35 


7 


2 


5 


7 


18 


25 


30 


10 


2 


5 


6 


16 


23 


25 



According to Table 2, if the descending speed is selected in the range 
of 0.5 to 5 cm/s, and the pressing time is selected in the range of 1 to 7 
seconds, the porosity distribution can be controlled freely. The pressing 
time that is more than 7 seconds still may be excellent but not suitable for 
the mass production. 

As mentioned above, the average porosity all over the pellet can be 
independently controlled by adjusting the press pressure. Therefore, the 
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pellet of the present invention easily can be manufactured by a usual 
process, wherein raw material powder having a different particle 
distribution is not used, and molding in multilayers is not needed. 
Embodiment ft 

5 Embodiment 8 refers to a manufacturing method in which the 

average porosity of the porous substrate after press molding and the 
average porosity of the pellet after sintering are in a certain range. 

In order to stabilize the impregnation of the electron emitting 
materials into the pellet, the continuity of the porosity, besides the porosity 
10 of the pellet, is important element. In other words, it is important to 

reduce pores that are not connected to an opening of the pellet surface and 
to reduce closed pores that are not impregnated with electron emitting 
materials. 

Furthermore, in order to ensure the mass productivity of pellets, 

15 sufficient mechanical strength is necessary- 
Fig. 10 is a graph showing the relationship between the average 
porosity of a porous substrate after press molding and the impregnation 
amount of the electron emitting materials and the relationship between the 
average porosity of a porous substrate after press molding and the fracture 

20 rate of the pellet. Lines 12 to 14 show the relationship between the 

average porosity D (vol.%) of the porous substrate after press molding and 
the amount of impregnation of electron emitting material, in a case where 
the average porosity d (vol.%) of the pellet after sintering is changed in the 
range of 10 to 30 vol.%. The left vertical axis shows the relative value of 

25 the amount of impregnation per pellet. The amount of impregnation is 

made to be 1 when the average porosity d after sintering is 20 voL% and the 
average porosity D after press molding is 30 vol.%. 

The results shown by lines 12 to 14 show that when the average 
porosity D exceeds the certain value, the amount of impregnation begins to 

30 lower. For example, in a line 12 where the average porosity d of the pellet 



25 



after sintering is 10 vol.%, the amount of impregnation is stable until the 
average porosity D is 30 vol.%, however, if it is more than 30 vol.%, the 
amount of impregnation begins to lower. 

Lines 15 to 17 show the relationship between the average porosity D 
(vol.%) of the porous substrate after press molding and the relative value of 
the fracture rate of pellets in a case where the average porosity d (vol.%) of 
the pellet after sintering is changed in the range of 10 to 30 vol.%. The 
right vertical axis shows the fracture rate of the pellets. 

The results shown in lines 15 to 17 show that when the average 
porosity D exceeds the certain value, the fracture rate of the pellet becomes 
0. For example, in line 15 where the average porosity d after sintering is 
10 voL%, the fracture rate of the pellet is 0 when the average porosity D is 
20 vol.%. 

According to the above mentioned measurement results, in order to 
manufacture the pellet having a certain amount of impregnation while 
maintaining the mechanical strength and inhibiting the occurrence of the 
closed pores, it is necessary that the relationship between the average 
porosity D (vol.%) after press molding and the average porosity d (vol.%) 
after sintering is expressed in the following equation; 

d +10 ^ D ^ d + 20. 

The above mentioned expression of the relationship is shown in Fig. 
11. Line 18 satisfies the relationship: D = d + 10. Line 19 satisfies the 
relationship: D = d + 20. Therefore, the hatched portion between the lines 
18 and 19 is the portion that satisfies the above mentioned expression of the 
relationship. In the portion above the line 18, the mechanical strength is 
insufficient. On the other hand, in the area below the line 19, the amount 
of impregnation is too little. For example, if the pellet having the average 
porosity d of 20 vol.% is desired to be obtained, the average porosity D after 
press molding is preferably in the range of 30 to 40 vol. %. 

In this case, if the average porosity D is less than 30 vol.%, the pellet 
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is hardly sintered, so that the mechanical strength lowers greatly. 
Consequently, the pellet is fractured when it is handled. On the other 
hand, if the average porosity is more than 40 voL%, the pellets are sintered 
too much. As a result, a great number of closed pores are generated, and 
5 an appropriate amount of electron emitting materials cannot be 
impregnated. 
Embodiment d 

Embodiment 9 shows a manufacturing method in which the electron 
emitting materials filled in a container for impregnation are in the certain 

10 range. In this embodiment, as a container for impregnation, the container 
whose upper side is open, for example, a heat resistant metallic container 
made of Mo and W was used. The container has the size of 1.5 cm length 
X 1.5 cm width x 1 cm depth. The electron emitting materials are filled 
in the container for impregnation in an amount that changes in the range of 

15 200 to 20000 times as much as an optimum amount of impregnation per 
pellet. 100 pellets were placed thereon and impregnated. The pellet 
has the average porosity of 20 ± 1 voL%, a diameter of 1.2 mm and the 
height of 0.42 mm. The 100 pellets were classified for weight at the 
precision of ± 5 m g. After impregnation, extra electron emitting 

20 materials were removed and the weight was measured. Thus the increased 
weight, namely, the impregnated weight was calculated per pellet. 

Fig. 12 is a graph showing the relationship between the amount of 
electron emitting materials filled in a container for impregnation and the 
variation of the amount of impregnation to the pellet. The horizontal axis 

25 of Fig. 12 shows the filling amount, which is expressed by the number of the 
pellets. Namely, the filling amount is expressed by how many times grater 
than the optimum amount of electron emitting material in the container 
that necessary for one pellet (hereafter, "filling amount" will be used for an 
abbreviation). 

30 According to Fig. 12, if the filling amount is less than 1000 times, 
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pellets that are not sufficiently impregnated are generated. This is 
because some substrates are not wetted on the whole surface of the porous 
substrate when the electron emitting materials are melted. When the 
filling amount is in the range of 1000 to 10000 times, the amount of an 
5 impregnation per pellet is nearly saturated, showing the optimal amount of 
impregnation. 

When the filling amount exceeded 10000 times, the average amount 
of impregnation was decreased. This is because a great amount of gas is 
generated when the electron emitting materials are melted and prevents 

10 the electron emitting materials from entering the pore of the substrate. 

Furthermore, in a case where the bottom area of the container is increased, 
when the pellets are proportionally increased in accordance with the rate, 
the almost similar results can be obtained. From the above mentioned 
results, it is preferable that the filling amount is in the range of 1000 to 

15 10000 times. 

Moreover, as mentioned above, the filling amount is expressed by the 
weight per pellet. In this embodiment, since 100 pellets are placed in the 
container for impregnation, when the above mentioned filling amount is 
expressed by the value corresponding to the whole pellets located in a 

20 container for impregnation, the preferable range of weight of electron 
emitting material is in the range of 10 to 100 times. 
Embodiment 10 

Embodiment 10 refers to a method for locating pellets on the 
containers for impregnation. In the method, the pellets are located in such 

25 a manner that the entire surface of the pellet contacts with the electron 

emitting materials at the times of impregnation. In this embodiment, the 
following experiments were carried out. The filling amount of the electron 
emitting materials was set to 3000 times, which is the preferable range 
shown in Embodiment 9. The impregnation was conducted in the following 

30 4 kinds of pellet locations; a to d. Fig. 13 (B) shows the location 
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relationship of a container for impregnation 20, pellets 21 and electron 
emitting material 22, respectively in a case of a to d. 

In a, 100 pellets were set in the same level in one stage on the 
bottom of the container for impregnation, and electron emitting material is 
5 filled on the pellets. In this location, the cylindrical bottom face of the 
pellets contact with the container for impregnation. 

In b, 50 pellets per stage were set in two stages on the bottom of the 
container for impregnation, and electron emitting material is filled on the 
pellets. In this location, the cylindrical upper face of the pellet of the first 
10 stage contacts with the cylindrical bottom face of the pellet of the second 
stage. The cylindrical bottom face of the pellet of the first stage contacts 
with the bottom area of the container. 

In c, electron emitting material is filled in the container for 
impregnation in a half amount by making the depth constant, then 100 
15 pellets are set in the same level in one stage on the electron emitting 

material, and then the rest of the electron emitting material is uniformly 
filled by making the depth constant. In this location, the entire surface of 
the pellet contacts with the electron emitting materials. 

In d, whole amount of electron emitting materials is placed in the 
20 container for impregnation by making the depth constant and 100 pellets 
are set in the same level in one stage. In this location, the cylindrical 
upper face of the pellet contacts with space. 

Fig. 13 (A) shows the relationship between the above mentioned 
locations and the amount of impregnation to the pellet. The horizontal 
25 axes a to d correspond to the above mentioned locations a to d. 

In the location of the pellet in a and b, a few deficiencies in the 
impregnation occurred. In c and d, the amount of impregnation was 
excellent. This shows that unless the entire surface of the pellet is covered 
with electron emission materials, the amount of impregnation is insufficient. 
30 Moreover, in a case of d, in the state shown in Fig. 13 (B), the entire surface 
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of the pellet is not covered with electron emitting materials. However, as 
the electron emitting materials are melted, the pellets sink down in the 
electron emitting materials due to their weight, the whole surface is 
naturally covered with electron emitting material. In other words, it is an 
5 important condition for stable impregnation that the entire surface of the 
pellet is covered with electron emitting materials when the electron 
emitting materials are melted. 
Embodiment 11 

Embodiment 11 refers to a method for removing extra electron 
10 emitting materials attached to the pellet at the time of the impregnation* 
Extra emitting materials are physically removed by means of balls for 
grinding. 

In this embodiment, the pellets impregnated under the optimum 
condition by the method of Embodiment 10 were used. These pellets 

15 were placed in the glass container having a volume of 100 cm 3 along with, 
for example, 10 alumina balls having a diameter of <t> = 5 mm, and were 
subjected to shaking for 5 minutes to 1 hour. Then, the pellets were 
subjected to ultrasonic cleaning in ion exchanged water for 5 minutes, and 
dried in vacuum. The relationship between the shaking time and the 

20 fracture rate of the pellets at this time is shown in the following Table 3. 



Table 3 





Com. 
Ex. 1 


Com. 
Ex. 2 


Ex. 1 


Ex. 2 


Ex. 3 


Com. 
Ex. 3 


Com. 
Ex.4 


Shaking time 
(minute) 


0 


0 


5 


15 


30 


60 


120 


Ultrasonic 
cleaning time 
(minute) 


5 


60 


5 


5 


5 


5 


5 


Fracture rate 
(%) 


0 


0 


0 


0.2 


0.3 


1 


3 



Com. Ex.: Comparative Example 
Ex,: Example 
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Table 3 shows that in the pellet that was subjected to a shaking for 
60 minutes or more (Comparative Example 3 and 4), the fracture rate of the 
pellets is rapidly increased. 

Furthermore, the amounts of impregnation to the. pellets in 
Comparative Examples 1 to 4 and Examples 1 to 3 in Table 3 are shown in 
Fig. 14. Fig. 14 shows that the variation of the amount of impregnation to 
the pellet is minimum in Example 2 (the shaking time is 15 minutes). 
Since this variation reflects the attaching level of extra electron emitting 
materials, the pellet is excellent as this variation is smaller. The variation 
is small when the shaking time is 60 minutes or more (Comparative 
Examples 3 and 4), however, the fracture rate of the pellets is increased as 
mentioned above. 

According to the results of the Comparative Examples 1 and 2 (no 
shaking was conducted), the variation per pellet is little decreased even if 
the cleaning time is increased when only the ultrasonic cleaning is 
conducted. This shows that effective electron emitting materials in pores, 
as well as extra electron emitting material, are removed over time. In 
addition, it is found that this method requires an absolutely long time of 
treatment. Consequently, it is not suitable for mass production. 

Moreover, the conditions of the shaking or rolling, etc. freely can be 
changed by selecting the number of balls, size, volume of container, amount 
of the pellet to be treated, times, number of vibration frequency and 
amplitude of shaking, and rolling speed. 

As mentioned above, in each embodiment, tungsten (W) was used as 
one example of the material constituting the pellet. However, the material 
is not limited to this alone, it may be the high melting point metals, for 
example, osmium (Os), ruthenium (Ru), iridium (Ir), rhenium (Re), 
tantalum (Ta), molybdenum (Mo), etc., an alloy comprising these metals, or 
materials based on these metals and comprising a small amount of 
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additives. 

Furthermore, in the above mentioned embodiments, the mixture 
comprising barium carbonate (BaC0 3 ), calcium carbonate (CaC0 3 ), 
aluminum oxide (A1 2 0 3 ) in a mole ration of 4 : 1: 1 was used as one example 
5 of electron emitting materials. The electron emitting material is not 
limited to this alone. The mixture in which the above mole ratio is 
changed may be used, and these mixtures in which a few amount of 
additives are dispersed may be used. Furthermore, instead of barium 
carbonate, barium oxide (BaO) may be used; and instead of calcium 

10 carbonate, calcium oxide (CaO) may be used. 

Finally, it is understood that the invention may be embodied in other 
specific forms without departing from the spirit or essential characteristics 
thereof. The embodiments disclosed in this application are to be 
considered in all respects as illustrative and not restrictive, so that the 

15 scope of the invention being indicated by the appended claims rather than 
by the foregoing description, and all changes which come within the 
meaning and range of equivalency of the claims are intended to be embraced 
therein. 
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